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MODtJIATOSSOFCHBMOnNBRECEETORACnVirif 
^«a«l, «P«3ed cm subsets of le«b»><^ 

*-«*^^^ (»-l(oc ^-^„,'S™,,„„.j2123-22m(1995)-. 
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„r"CC-CKR-2A-rC«M-2A-) '^^^^.mCP-2,MCP-3] 

(or»CKR-3 or ^^^^ ^^^^ 

(Rollins. etal.,BlQo4 90,908-928 (19m C^(^ 908-928 (1997)); CX:R-5 (or 
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or "CC-CKR-5") [MDP-loc, RANTES, MBP-IP] (Sanson, et al.. 
Biochemistry , 35, 3362-3367 (1996)); and the Duffy blood-group antigen [RANTES, 
MCP-1] (Chaudhun, et al., J. Biol. Chem .. 269, 7835-7838 (1994)). The P- 
chemokines include eotaxin, ME? ("macrophage inflammatory protein")* MCP 
5 C^onocyte chemoattractant protein") and RANTES ("legulalion-upon-activation, 
normal T expressed and secreted**) among other chj^okines. 

C3iemoldne rece^itars, such as CCR-1, CCR-2, CCR-2A, CCR-2B, 
CCR-3, CCR-4. CCR-5, CXCR-3. CXCR-4, have been implicated as being important 
mediators of inflammatory and immunoregulatory disorders and diseases, including 

10 asthma, rhinitis and allergic diseases, as well as autoimmune pathologies such as 
dieumatoid arthritis and athCTOSclerosis. Humans who are homozygous for the 32- 
basq>air deletion in die CCR-5 gene appear to have less susceptibility to rheumatoid 
arthritis (Gomez, et al,. Arthritis & Rheumatism , 42, 989-992 (1999)). A review of 
the role of eosinophils in allergic inflammation is provided by Kita, BL, et al., J. Exp. 

15 Med 183, 2421-2426 (1996). A general review of the role of chemoldnes in alletgic 
inflammation is provided by Lustgor, AD., New England J. Med. 338C7), 426-445 
(1998). A subset of chemokmes are potoit chemoattractants for monocytes and 
macrophage. The best characterized of these is MCP-l (monocyte chemoattractant 
protein-1), whose prunary receptor is CCR2. MCP-1 is produced in a variety of ceD 

20 types in response to inflammatory stimuli in various species, including rodents and 
humans, and stimulates chemotaxis in monocytes and a subset of lymphocytes. In 
particular, MCP-1 production correlates with monocyte and macrophage infiltration at 
inflammatory sites. Deletion of either MCP-1 or CCR2 by homologous 
recombination in mice results in madced attenuation of monocyte recruitment in 

25 response to thioglycoUate injection and Listeria monocytogenes infection. (La et aL, J. 
Exp. Med, 187, 601-608 (1998); Kuriharaet al. J. Exp. Med , 186, 1757-1762 (1997); 
Boring et al. L Clin. Invest. 100, 2552-2561 (1997); Kuziel et aL Proc. Natl. Acad 
Sd., 94, 12053-12058 (1997)), Furthermore, these animals show reduced monocyte 
infiltration into granulomatous lesions induced by the injection of schistosomal or 

30 mycobacterial antig^ (Boring et al. J. Clin. Invest. 100, 2552-2561 (1997); 
Warmington et al. Am J. Path., 154, 1407-1416 (1999)). These data suggest that 
MCP-l-induced CCR2 activation plays a major role in monocyte recruitment to 
inflammatory sites, and that antagonism of this activity will produce a sufficient 
suppression of the immune response to produce therapeutic benefits in 
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inimunomflanimatQry and autoimmune diseases. Accx)rdingly, agents which 
modulate chemokine receptors such as the CCR-2 receptor would be useful in such 
disorders and diseases. In addition, the recruitment of monocytes to inflammatory 
lesions in the vascular wall is a major component of the pathogenesis of atherogenic 
5 plaque formation. MCP-I is produced and secreted by »dotfaeIial cells and intimal 
smooth muscle cells after injury to the vascular wall in hypeicholesterolemic 
conditions. Monocytes recruited to the site of injury infiltrate the vascular wall and 
differratiate to foam cells in response to the released MCP-l. Several groups have 
now demonstrated that aortic lesion size, macrophage contrat and necrosis axe 
10 attenuated in MCP-1 V-orCCR2 7-micebaclmt>ssedto Aro-E-/-,LDL-R-/-or 
Apo B transgMiic mice maintained on hi^ fat diets (Boring et al. Nature. 394, 894- 
897 (1998); Gosling et al. J. Clin. Invest. 103, 773-778 (1999)). Thus, CCR2 
antagonists may inhibit atherosclerotic lesion formation and pathological progression 
by im pairing mouocyte recruitment and diffira:entiation in the arterial wall. 

15 

SUMMARY OF THE INVENTION 

The preset invention is further directed to compounds which are 
modulators of chemokine receptor activity and are useful in the prevention or 
treatment of certain inflanunatory and immunoiegulatory disorders and diseases, 

20 allergic diseases, atopic conditions including allergic rhinitis, dermatitis, 

conjunctivitis, and asthma, as well as autoimmune pathologies such as rheumatoid 
arthritis and athCTOSclerosis. The invention is also directed to pharmaceutical 
compositions comprising these conipounds and the use of these compounds and 
compositions in the prevention or treatment of such diseases in which chemokine 

25 receptors are involved 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to compounds of the formula L 




30 



I 
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wherein: 

r3 is oxygen car is absent; 
r8 is selected from: 

(a) hydrogen, 

5 (b) Ci-3alkyl, which is unsubstituted or substituted with 1-6 

fluoro, 

(c) <)-Ci.3aIkyl 

(d) fluoro, and 

(e) hydroxy; 

10 and phannaceutically acceptable salts thereof and individual diastereomers thereof. 
In an embodiment of the present invention is absent 
In an embodiment of the present invention r3 IS oxygen. 

15 

In the present invention it is preferred that R* is sdected from: 



(a) 


hydEDg^ 


(d) 


tdfluoroiiieth^ 


(c) 




(d) 


Doetfioxy, 


(e) 


ethoxy, 


(f) 


ethyl. 


(g) 


fluoio, and 


Oi) 


hydroxy. 



25 

Representative compounds of the present invention include those 
presented in the Exanq>les and pharmaceuticaUy accq>table salts and individual 
diastereomecs thereof . 

Hie com^unds of the instant invention have at least two asymmetric 
30 centm at the 1- and 3-positions of the cyclopentyl ring, one asymmetric center at the 
4-^position of the morpholine ring and optionally one asymmetric center at the 3- 
position of the morpholine ring. Additional asymmetric centers may be present 
depending upon the nature of the various substituents on the molecule. Each such 
asymmetric center will independentiy produce two optical isomers and it is intended 
35 that all of the possible optical isomers and diastereomers in mixtures and as pure or 
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partiaDy purified compounds are included within the ambit of this invention. The 

independent syntheses of diastereomers and enantiomers or dieir chromatographic 

separations may be achieved as known in the art by appropriate modification of the 

methodology disclosed herein. Their absolute stereochemistry may be determined by 

5 the x-ray crystallography of crystalline products or crystalline intermediates which are 

deri vatized, if necessary, with a reagent containing an asynmietric center of known 

absolute configuration. 

As appreciated by those of skill in ttie art, C i .3 eSkyi is defined to 

identify the groiq) as having 1 , 2 or 3 carbons in a linear or branched arrangement, 

10 such that Ci-3alkyl specifically includes methyl, ethyl, n-propyl, and iso-propyl. 

The phrase "pharmaceutically acceptable" is employed herein to refer 
to those compounds, noaterials, compositions, and/or dosage fonos which are, wifliin 
the scope of sound medical judgment, suitable for use in contact with the tissues of 
human beings and animals without excessive toxicity, irritation, allergic response, or 

15 other problem or complication, commensurate witti a reasonable benefit/risk ratio. As 
used herein, "phannaceutically acceptable salts" refer to derivatives wherein tfie 
parent compound is modified by making add or base salts thereof. Exanqples of 
pharmaceutically acceptable salts include, but are not limited to, mineral or organic 
add salts of basic residues such as amines; alkali or organic salts of addic residues 

20 sudi as caiboxylic adds; and the like. The phannaceutically acceptable salts include 
the conventional non-toxic salts or the quaternary ammonium salts of the parent 
conqK)und formed, for example, fix)m non-toxic inorganic or organic adds. For 
example, such conventional non-toxic salts include those derived fit)m inorganic adds 
such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, niMcand the like; 

25 and the salts prepared from organic adds such as acetic, propionic ^cdnic ^ycolic, 
stearic, lactic, malic, tartaric, dtric, ascorbic, pamoic, maleic, hydroxymaldc, 
phenylacetic, glutamic, benzoic, salic^c, sulfanilic, 2-acetoxybenzoic, fumanc, 
toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isethionic, and the like. 

The pharmaceutically acceptable salts of the present invmtion can be 

30 prepared from the parent compound which contains a basic or addic moiety by 

convCTtional chemical metiiods. Generally, such salts can be prepared by reacting tiie 
free add or base forms of ttiese confounds with a stoichi ometric amount of the 
appropriate base or add in wat^ or in an organic solvent, or in a mixture of die two; 
g^erally, nonaqueous media such as ether, ethyl acetate, ethanol, isopropanol, or 
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acetonitrile are preferred. Suitable salts are found, e.g. in Remington's Phannaceutical 
Sciences, 17th ed. Mack PubUshing Company, Easton, PA, 1985, p. 1418. 

Specific compounds within the present invention include a compound 
which selected from the group consisting of: the title compounds of the Exaniples; 

5 and pharmaceutically acceptable salts thereof and individual diastereomers Aereof . 

The subject compounds are useful in a metfiod of modulating 
ch^okine receptor activity in a patient in need of such modulation comprising the 
administration of an effective amount of the conqx)und The present invration is 
directed to the use of the foregoing compounds as modulators of chemoldne receptor 

10 activity. In particular, these compounds are useful as modulators of the chemoldne 
receptors, in particular CCR-2. 

The irtility of the compounds in accordance with the present invention 
as modulators of chemokine receptor activity may be demonstrated by methodology 
known in the art, such as the assay for chemokine binding as disclosed by Van Riper, 

15 et al., J.ExD.Med , 177, 851-856 (1993) which may be readily adapted for 
measurement of binding. 

Receptor affinity in a CCR-2 binding assay was determined by 
measuring inhibition of *^-MCP-l to die rado^ous CCR-2 receptor on various cell 
types including monocytes, THP-1 cells, or after heterologous expression of the 

20 cloned recqjtor in eukaryotic cells. The cells were suspended in binding buffer (50 
mM HEPES, pH 7.2, 5 mM MgClz, 1 niM CaCb, and 0.50% BSA) with and added to 
test compound or DMSO and ^^-MCPA at room temperature for 1 h to allow 
binding. Hie cells were Aen collected on GFB filters, washed with 25 mM HEPES 
buffer containmg 500 mM NaCl and cell bound ^^-MCP-1 was quantified. 

25 In a chemotaxis assay chemotaxis was performed using T cell deleted 

PBMC isolated from venous whole or leukophoresed blood and purified by Hcoll- 
Hypaque centrifugation followed by rosetting with neuraminidase-trealed sheep 
erythrocytes. Once isolated, the cells were washed with HBSS containing 0.1 mg6nl 
BSA and suspraided at 1x10^ cellsAmL Cells wctb fluorescentiy labeled in the daric 

30 with 2 (iM Calciai-AM (Molecular Probes), for 30 min at 37^ C. Labeled cells were 
washed twice and suspended at 5x10^ cells/ml in RPMI 1640 with I^glutamine 
(without phenol red) containing 0.1 mg/ml BSA. MCP-1 (Peprotech) at 10 ng/ml 
diluted in same medium or medium alone were added to the bottom wells (27 
Monocytes (150,000 cells) were added to die topside of die filter (30 jd) foUowing a 

35 15 min preincubation with DMSO or with various concentrations of test compound. 
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An equal concentration of test compound or DMSO was added to the bottom well to 
prevent dilution by diflfusion. Following a 60 min incubation at C, 5 % CO2, the 
filter was removed and the topside was washed with HBSS containing 0.1 mg/ml 
BS A to remove cells that had not migrated into the filter. Spontaneous migration 

5 (chemokinesis) was determined in tiie absence of chemoattractant 

In particular, the compounds of the following examples had activity in 
binding to the CCR-2 receptor in the aforementioned assays, ^erally with an IC50 
of less than about 1 pM. Sucharesultisindicativeof the intrinsic activity of the 
compounds in use as modulators of chemoldne receptor activity. 

10 Mammalian chemoldne receptors provide a target for interfering with 

or promoting eosinophil and/or lymphocyte function in a mammal, such as a human. 
Compounds which inhibit or promote chemoldne receptor function, are particularly 
useful for inodulating eosinophil and/or lymphocyte function for therapeutic purposes. 
Accordingly, compounds which inhibit or promote chemoldne receptor function 

15 would be useful in treating, preventing, ameliorating, controlling or reducing Ae risk 
of a wide variety of inflammatory and inmiunoregulatory disord^ and diseases, 
allergic diseases, atopic conditions including all^g^c rhinitis, dermatitis, 
conjunctivitis, and asthma, as wdl as autoimmune pathologies such as rheumatoid 
artimtis and atherosclerosis. For example, an instant compound which inhibits one or 

20 more functions of a mammalian chemokine receptor (e.g., a human chemoldne 

receptor) may be administered to inhibit (i.e., reduce or prevent) inflammation. As a 
result, one or more inflammatory processes, such as leukocyte emigration, 
chemotaxis, exocytosis (e.g., of CTcymes, histamine) or inflamm a to ry mediator 
release, is inhibited. 

25 In addition to primates, such as hunoans, a variety of other mammals 

pan be treated according to the metiiod of the present invration. For instance, 
Tnammgilg includttng, but not limited to, cows, sheqp, goats, horses, dogs, cats, guinea 
pigs, rats or other bovine, ovine, equine, canine, feline, rodent or murine species can 
be treated. However, the method can also be practiced in other species, such as avian 

30 species (e.g., chickens). 

Diseases and conditions associated with inflannnation and infection 
can be treated using the compounds of the present invention. In a preferred 
embodiment, the disease or condition is one in which the actions of lymphocytes are 
to be mhibited or promoted, in order to modulate the inflamma tory response. 
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Diseases or conditions of humans or other species which can be treated 
with inhibitors of chemoldne receptor function, include, but are not limited to: 
inflammatory or allergic diseases and conditions, including lespiiatory allergic 
diseases such as asthma, particularly bronchial asthma, all^gic riiinitis, 

5 hypersensitivity lung diseases, hypersensitivity pneumonitis, eosinophilic pneumonias 
(e.g., Loeffler's syndronoe, dironic eosinophilic pneumonia), delayed-type 
hypersentitivity, interstitial lung diseases (ELD) (e.g., idiopathic pulmonary fibrosis, or 
nx> associated with rheumatoid arthritis, systemic lupus erythematosus, ankylosing 
spondylitis, systemic sclerosis, Sjogren's syndrome, polymyositis or 

10 dermalomyositis); systemic anaphylaxis or hypersensitivity responses, drug allergies 
(e.g., to penicillin, cephalosporins), insect sting allergies; autoimmune diseases, such 
as rheumatoid arthritis, psoriatic arthritis, multiple scleax)sis, systemic lupus 
erythematosus, myasthenia gravis, juvenile onset diabetes; glomerulonephritis, 
autoimmune thyroiditis, Behcet's disease; graft rejection (e.g., in transplantation), 

15 including allograft rejection or grafl-versus-host disease; inflammatory bowel 
diseases, such as Crohn's disease and ulcerative colitis; spondyloarthropa&ies; 
sd^rodmna; psoriasis Gncluding T-cell mediated psoriasis) and inflanomatory 
dermatoses such an dermatitis, eczxma, atopic dermatitis, allergic contact dermatitis, 
urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity vasculitis); 

20 eosinphilic myositis, eosinophilic fasciitis; cancers with leukocyte infiltration of the 
skin or organs. Other diseases or conditions in which undesirable inflammatory 
responses are to be inhibited can be treated, including, but not limited to, reperfusion 
injury, atherosclerosis, certain hematologic malignancies, cytokine-induced toxicity 
(e.g., septic shock, ooidotoxic shock), polymyositis, dermatomyositis. 

25 Diseases or conditions of humans or other species which can be treated 

with modulators of chemokine rec^tor fixnction, include, but are not limited to : 
inmumosuppression, such as that in individuals with immunodeficiency syndromes 
such as AIDS or otiier viral infections, individuals underling radiation therapy, 
chemotherapy, ther^y for autoimmune disease or drug &erspy (e.g., corticosteroid 

30 tiiers^y), which causes inomunosuppression; immunosuppression due to congenital 
deficiency in receptor function or other causes; and infections diseases, such as 
parasitic diseases, including, but not limited to helminth infections, such as nematodes 
(round worms), (Trichuriasis, Enterobiasis, Ascariasis, Hookworm, Strongyloidiasis, 
Trichinosis, fiilariasis), trematodes (flukes) (Schistosomiasis, CSonorchiasis), cestodes 

35 (tape worms) (Echinococcosis, Taeniasis sagmata, Cysticercosis), visceral worms. 
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visceral larva migrames (e.g., Toxcx:ara), eosinophilic gastroenteritis (e.g., Anisald 
sp., Phocanema sp.), and cutaneous larva migraines (Ancylostona braziliense, 
Ancylostoma caninum). In addition, treatment of the aforementioned i nfl a mm atory, 
all^c and autoimmune diseases can also be contemplated for promoters of 

5 chemokine receptor function if one contemplates the deliv^y of sufficient compound 
to cause tiie loss of receptor expression on cells Arough the induction of chemokine 
recqptor internalization or delivery of compound in a manner that results in the 
misdirection of the migration of cells. 

The compounds of the present invention are accordingly useful in 

10 treating, preventing, ameliorating, controlling or reducing the risk of a wide variety of 
inflammatory and immunoregulatory disorders and diseases, allergic conditions, 
atopic conditions, as well as autoimmune pathologies. In a specific embodiment, the 
present invention is directed to the use of flie subject compounds for treating, 
preventiung, ameliorating, controlling or reducing the risk of autoimmune diseases, 

15 such as rheumatoid arthritis or psoriatic arthritis. 

la anotho: aspect, the instant invention may be used to evaluate 
putative specific agonists or antagonists of chemokine receptors, including CCR-2. 
Accordingly, the present mvention is directed to tiie use of these compounds in tiie 
preparation and execution of screening assays far compounds which modulate the 

20 activity of chemokme receptors. For exanqile, the conqwunds of this invention are 
useful for isolatibag receptor mutants, which are excellent screening tools for more 
potent compounds. Furthermore, the compoimds of this invention are useful in 
establishing or determining the binding site of other compounds to chemokine 
receptors, e.g., by competitive inhibition. The compounds of the instant invention are 

25 also useful for the evaluation of putative specific modulators of the chenK)kine 

receptors, including CCR-2. As appreciated in the art, tiiorough evaluation of specific 
agonists and antagonists of the above chemokine receptors has been hanq>ered by flie 
lack of availability of non-pepticfyl (metabolically reastant) compounds with high 
binding affinity for Aese receptors. Urns the compounds of this invration are 

30 commercial products to be sold for these purposes. 

Hie present invwition is further directed to a method for the 
inanufacture of a medicament for modulating chemokine receptor activity in humans 

and animals comprising combining a compound of the present invention with a 
pharmaceutical carder or diluent 
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The present invention is further directed to the use of the present 
compounds in treating, preventing, ameliorating, controlling or reducing the risk of 
infection by a retrovirus, in particular, herpes virus or the human immunodeficiency 
virus (HIV) and the treatment of, and delaying of the onset of consequent patiiological 
5 conditions such as AIDS. Treating AIDS or preventing or treating infection by HIV is 
defined as including, but not limited to, treating a wide range of states of HIV 
infection: AIDS, ARC (AIDS related complex), botfi symptomatic and asymptomatic, 
and actual or potential exposure to HIV. For example, the compounds of this 
invention are usefiil in treating infection by HIV after suspected past exposure to HIV 
10 by, e.g., blood transfusion, organ transplant, exchange of body fluids, bites, accidental 
needle stick, or exposure to patient blood during sur^iy. 

In a preferred aspect of the present invention, a subject compound may 
be used in a method of inhibiting the binding of a chemokine to a chemokine receptor, 
such as CCR-2, of a targ^^t cell, which comprises contacting the target cell witfi an 
15 amount of the compound which is effective at inhibiting the binding of tiie chemokine 
to the chemokine reciter. 

The subject treated in die metiiods above is a mammal, preferably a- 
human bring, male or female, in whom modulation of chemokine lecqptor activity is 
desired. "Modulation" as used herein is intended to encompass antagonism, agonism, 
20 partial antagpnism, inverse agonism and/or partial agonism. In a preferred aspect of 
tiie present invention, modulation refers to antagonism of chemokine receptor activity. 
The term '^therapeutically effective amount" means the amount of the subject 
compound ttiat will elicit tiie biological or medical response of a tissue, system, 
animal or human that is being sougjit by the researcher, veterinarian, medical doctor 
25 or other clinician. 

The term "composition" as used herrin is intended to encompass a 
product comprising the specified ingredients in the specified amounts, as well as any 
product which results, diiecfly or indirectly, from comhmation of the specified 
ingredients in the specified amounts. By "pharmaceutically acceptable" it is meant 
30 the carder, diluent or exdpient must be compatible with the otiier ingredients of the 
formulation and not deletions to the recipient thereof. The terms "administration 
of and or "administering a" conq>ound should be understood to mean providing a 
compound of the invention to the individual in need of treatment As used herein, the 
term "treatment^ * refers both to the treatment and to die prevention or prophylactic 
35 therapy of the aforementioned conditions. 
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Combined therapy to modulate chemokme receptor activity for thereby 
treating, preventing, ameliorating, controlling or reducing the risk of inflammatory 
and immunoregulatory disorders and diseases, including asthma and allergic diseases, 
as well as autoimmune pathologies such as rheumatoid arthritis and athecoscleiosis, 
5 and those pathologies noted above is illustrated by the combination of the compounds 
of this invention and other compounds which ate known for such utilities- 

For example, in treating, preventing, ameliorating, controlling or 
reducing the risk of inflammation, the present compounds may be used in 
conjunction with an antiinflanmiatory or analgesic agait such as an opiate agonist, a 
10 lipoxygenase inhibitor, such as an inhibitor of 5-lipoxygenase, a cyclooxygenase 
inhibitor, such as a cyclooxygenase-2 inhibitor, an interleukin inhibitor, such as an 
interieukin-1 inhibitor, an NMDA antagonist, an inhibitor of nitric oxide or an 
inhibitor of the synthesis of nitric oxide, a non-steroidal an tiinflamm atory agent, or a 
cytokme-suppressing antiinflammatory agent, for example with a compound sudi as 
15 acetaminophen, aspirin, codeine, embrel, fentanyl, ibuprofen, indomethacin, 
ketorolac, morphine, naproxen, phraacetin, piroxicam, a steroidal analgpsic, 
sufentanyl, sunlindac, tenidap, and the like. Similariy, the instant conqiounds may be 
administered widi a pain reliever, a potentiator such as caffeine, an H2-antagonist, 
simethicone, aluminum or magnesium hydroxide; a decongestant such as 
20 phenylephrine, phenylpropanolamine, pseudophedrme, oxymetazoline, ephinephrine, 
naphazoline, xylometazoline, propylhexedrine, or levo-desoxy-ephedrine; an 
antiitussive such as codeine, hydrocodone, caramiphen, carhetapentane, or 
dextiamethorphan; a diuretic; and a sedating or non-sedating antihistamine. 

likewise, compounds of the present invention may be used in 
25 combination with other drugs that are used in the treatment/ptevention/suppression or 
amelioration of die diseases or conditions for which compounds of the pressent 
invention axe useful. Suchotherdmgsmaybeadniinisteied, byarouteandinan 
amount commonly used therefor, contemporaneously or sequentially with a 
compound of the present invention. When a compound of the present invention is 
30 used conten^raneously with one or more other dmgs, a pharmaceutical composition 
containing such other drugs in addition to the compound of the present invention is 
preferred. Accordingly, the pharmaceutical compositions of the present invention 
include those that also contain one or mare other active ingredients, in addition to a 
compound of the preset invention. 
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Examples of other active ingredients that may be combined with a 
compound of the present invention, either administered separately or in the same 
pharmaceutical compositions, include, but are not limited to: (a) VLA-4 antagonists 
such as tiiose described in US 5,510,332, W095/15973, WO96/01644, WO96/06108, 
5 WO96/20216, W096/22966, WO96/31206, WO96/40781, WO97/03094, 
WO97/02289, WO 98/42656, W098/53814, WQ98/53817, W098/53818. 
WO98/54207, and WO98/58902; (b) steroids such as beclometiiasone, 
methylprednisolone, betamefliasone, prednisone, dexamethasone, and hydrocortisone; 
(c) immunosuppressants such as cyclosporin, tacrolimus, rapamycin and oAer FK-506 
10 type immunosuppressants; (d) antihistamines (Hl-histamine antagonists) such as 

bromopheniramine, chlorpheniramine, dexchlorpheniramine, triproUdine, clemastine, 
diphenhydramine, diphenylpyralme, tripdennamine, hydroxyzine, methdilazine, 
promethazine, trimeprazine, azatadine, cyproheptadine, antazohne, pheniramine 
pyrilamine, astemizole, terfenadine, loratadine, desloratadine, cetirizine, fexofenadine, 
15 descaiboethoxyloratadme, and the like; (e) non-steroidal anti-asthmatics such as P2- 
agonists (t^utaline, metqffoterenol, fenoteiol, isoetharine, albuterol, bitoltraol, and 
pirfout^l), theophylline, cromolyn sodium, atropine, ipratropium bromide, 
leukotriene anta^Miists (zafirlukast, montelukast, pranlukast, iralukast, pobilukast, 
SKB-106,2a3), leukotriene biosyntfiesis inhibitors (zUeuton, BAY-1005); (f) non- 
20 steroidal antiinflammatory agpnts (NSAIDs) such as propionic acid derivatives 
(alminoprofen, benoxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen, 
fluprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen, nuroprofai, naproxra, 
oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid, and tioxaprofen), acetic 
acid derivatives (indomethacin, acemetacin, alclofenac, clidanac, diclofenac, 
25 fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac, oxpinac, 

sulindac, tiopioac, tohnetin, zidometadn, and zomepirac), fenamic acid derivatives 
(fluf oiamic add, meclofenanric add, mefenamic acid, niflumic add and tolfenamic 
add), Wphen^carboxyUc add derivatives (diflunisal and flufenisal), oxicams 
(isoxicam, piroxicam, sudoxicam and tenoxican), salicylates (acetyl salicylic add, 
30 sulfasalazine) and the pyrazolones (apazone, bezpiperylon, feprazone, mofebutazone, 
oxyphenbutazone, phenylbutazone); (g) cyclooxygenase-2 (COX-2) inhibitors; (h) 
inhibitors of phosphodiesterase type IV (PDE-IV); 0) olhex antagonists of die 
chemokine receptors, espedally CCR-1, CC3R-2, CCR-3, CXCR-3 and CCR-5; Q) 
cholesterol lowering agents such as HMG~CoA reductase inhibitors (lovastatin, 
35 simvastatin and pravastatin, fluvastalin, atorvastatin. rosuvastatin. and other statins), 
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sequestrants (cholestyramine and colestipol), cholesterol absorption inhibitors 
(ezetimibe), nicotinic acid, fenofibric acid derivatives (gemfibrozil, clofibrat, 
fenofibrate and benzafibrate), and probucol; (k) anti-diabetic agents sudi as insulin, 
sulfonyluieas, biguanides (metformin), a-glucosidase inhibitors (acaibose) and 
5 glitazones (troglitazone and pioglitazone); 0) preparations of interferon beta 
(interferon beta-la, int^eron beta-iP); (m) other compounds such as 5- 
aminosalicylic add and prodrugs thereof, antimetabolites such as azathioprine and 6- 
merci^topuiine, and cytotoxic cancer chemotfaerapeutic agents. 

The wei^t ratio of die compound of the present invention to die 
10 second active ingredient may be varied and will depend upon the effective dose of 

each ingcedieaL Generally, an effective dose of each will be used Thus, for example, 
when a compound of the present invention is combined with an NS AID the wei^t 
ratio of the compound of the present invention to the NS AID will generally ran^ 
fix)m about 1000:1 to about 1:1000, preferably about 200:1 to about 1:200. 
15 Combinations of a compound of flie present invention and other active ingredimts 
will generally also be within the aforementioned rangp, but in each case, an effective 
dose of each active ingredient should be used. In such combinations the compound of 
the piesent invration and other active a^ts may be administered separately or in 
conjunction. In addition, tiie administtation of one element may be prior to, 
20 concurrent to, or subsequent to the administration of other agent(s). 

The compounds of the present invention may be administered by oral, 
parenteral (e.g., intramuscular, intraperitoneal, intravenous, ICV, intracistemal 
injection or infusion, subcutaneous injection, or in^)lant), by iiflialation spray, nasal, 
vaginal, rectal, sublingual, or topical routes of administration and may be formulated, 
25 alone or together, in suitable dosagp unit formulations containing convention 
toxic phannaceutically acceptable carriers, adjuvants and vehicles appropriate for 
each route of administration. In addition to the treatn^t of warmrblooded animals 
such as mice, rats, horses, cattle, sheep, dogs, cats, monkeys, etc., the compounds of 
the invention are effective for use in humans. 
30 Hie pharmaceutical compositions for the administration of the 

coiDpounds of this invention may conveniently be presented in dosagp unit form and 
iiiaybepreparedbyany of the methods well known in the art of pharmacy. All 
methods include the step of brining the active ingredient into association with the 
carrier which constitutes one or more accessory ingredients. In general, the 
35 pharmaceutical compositions are prepared by uniformly and intimately bringing the 
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active ingredient into association with a liquid carrier or a finely divided solid carrier 
or both, and then, if necessary, shaping the product into the desired formulation. In 
the pharmaceutical composition the active object compound is included in an amount 
sufficient to produce the desired effect upon the process or condition of diseases. As 
5 used herein, the term "composition** is intended to encompass a product comprising 
Ae specified ingredients in the specified amounts, as well as any product which 
results, directiy or indirectly, bom combination of the specified ingredients in the 
sp(bcified amounts. 

The pharmaceutical compositions containing the active ingredient may 
10 be in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous 
or oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules, 
or syrups or elixirs. Compositions intended for oral use may be prepared accordmg to 
any mefliod known to the art for the manufacture of pharmaceutical compositions and 
such compositions may contain one or more agents selected from the group consisting 
15 of sweetraing agents, flavoring agents, coloring agpnts and preserving agents in order 
to provide pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically acceptable exdpients 
which are suitable for the manufacture of tablets. These exdpients may be for 
exanq^le, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
20 phosphate or sodium phosphate; granulating and dismtegraling agents, for example, 
com starch, or alginic acid; binding agents, for example starch, gelatin or acada, and 
lubricating ag^its, for example magnesium stearate, stearic add or talc. The tablets 
may be uncoated or they may be coated by known techniques to delay disintegration 
and absorption in the gastrointestinal tract and thereby provide a sustained action over 
25 a longer period. For example, a time delay material such as glyceryl mooostearate or 
glyceryl distearate may be employed They may also be coated by the techniques 
described in the U.S. Patents 4,256,108; 4,166,452; and 4,265,874 to form osmotic 
therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard gel atin 
30 capsules wherein die active ingredimt is mixed with an inert solid dilucait, for 

example, caldum carbonate, caldum phosphate or kaolin, or as soft gelatin capsules 
wherdn die active ingredient is mixed widi water or an oil medium, for example 
peanut oil, liquid paraffin, or olive oil. Aqueous suspensions contain the active 
materials in admixture with exdpients suitable for the manufacture of aqueous 
35 suspensions. Such excipients are suspending agents, for example sodium 
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caiboxymethylceUulose, methylceUulose, hydroxy- propylmethylceUulose, sodium 
alginatB, polyvinyl-pynoUdone, gum tragacanth and gum acacia; dispersing or wetting 
agents may be a naturally-occurring phosphatide, for example lecithin, or 
condensation products of an alkylene oxide with fetty acids, for example 
polyoxyethylene stearate, or condaasation products of e&ylene oxide with long chain 
aHphatic alcohols, for example heptadecaethylene-oxycetanol, or condensation 
products of ethylene oxide with partial esters derived fiom fatty acids and a hexitol 
such as polyoxyethylene sorbitol monooleate, or condensation products of ethylene 
oxide with partial esters derived fmm fatty adds and hexitol anhydrides, for example 
poly^^ene sorbitan monooleate. The aqueous suspensions may also contaifl one or 
more preservatives, far example ethyl, or n-propyl, p-hydroxybenzoate. one or more 
coloring agents, one or more flavoring agents, and one or more sweetening agents, 
such as sucrose or saccharin. CHly suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, for example arachis oU, oUve oil, sesame oil or 
15 coconut oil, or in a mineral ofl such as Hquid paraffin. The oUy suspensions may 
contain a tinckening agpnt, for example beeswax, hard paraffin or cetyl alcohol. 
Sweetening agents such as those set forth above, and flavoring agents may be added to 
provide a palatable oral preparation. These conqrasitions may be preserved by Has 
addition of an anti-oxidant such as ascorbic arid. Etispersible powders and granules 
20 suitable for preparation of an aqueous suspension by the addition of water provide the 
active ingredirait in admixture with a dispersing or wetting agent, suspending agent 
and one or more preservatives. Suitable dispersing or wetting agents and suspending 
agents are exemplified by those already mentioned above. Additional exdpicaits, for 
example sweetening, flavoring and coloring agents, may also be present The 
25 pharmaceutical compositions of the invention may also be in the form of ott-in-water 
emulsions. The oily phase may be a vegetable oil. far example oUve oil or arachis oU. 
or a mineral oU. for example Kqpid parafBn or mixtuies of these. Suitable 
emulsifying agpnts may be naturally- occurring gums, for example gum acada or gum 
tiagscanth, naturally-occurring phosphatides, for example soy bean, lecithin, and 
30 esters or partial esteis derived ftom fetty adds and hexitol anhydrides, for example 
sorbitan monooleate, and condensation products of the said partial esters with 
ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emulsions 
may also contain sweetening and flavoring agents. Symps and elixirs may be 
formulated with sweetening agents, for example glycerol, propylene glycol, sorbitol or 
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sucrose. Such foimulations may also contain a demulcent, a preservative and 
flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile 
injectable aqueous or oleagenous suspension. This suspension may be formulated 
5 according to the known art using those suitable dispersing or wetting ageaits and 
suspending agents which have been mentioned above. The sterile injectable 
preparation may also be a sterile injectable solution or suspension in a non-toxic 
parraitorally-acceptable diluent or solvent, for example as a solution m 13-butane 
dioL Among the acceptable vdricles and solvents that may be raoployed are water, 
10 Ring^s solution and isotonic sodium chloride solution. In addition, sterile, fixed oils 
are conventionally employed as a solvent or suspending medium- For this purpose 
any bland fixed oil may be employed including synthetic mono- or digjycerides. Iq 
addition, fatty acids such as oleic acid find use in the preparation of injectables. The 
con:^unds of the present invention may also be administered in the form of 
15 suppositories for rectal administration of the drug. These compositions can be 

prepared by mixing the drug witiht a suitable non-irritating exdpient which is solid at 
ordinary temperatures but liquid at tiie rectal teiiq)erature and will therefore melt in 
the rectum to release the dmg. Such materials are cocoa butter and polyethylene 
glycols. Fbr topical use, creams, ointments, jellies, solutions or suspensions, etc., 
20 containing die compounds of the present invention are employed (For purposes of 
this supplication, topical application shall include mouthwashes and gargles.) 

The pharmaceutical composition and method of the present invention 
may further comprise other tiierapeutically active compounds as noted herein which 
are usually applied in the treatment of these pathological conditions. In treating, 
25 preventing, ameliorating, controlling or reducing tiie risk of conditions which requke 
chemokine recqptor modulation an appropriate dosagp level will ^nerally be abwit 
0.0 1 to 500 mg per kg patient bo^ wei^t per day which can be admmistered in 
single or multiple doses. Pref oably, the dosage level will be about 0. 1 to about 250 
' mg/kg per day; mote preferably about 0.5 to about 100 nig/kg per Asuitable 
30 dosa^ level may be about 0.01 to 250 mgfl^ per day, about 0.05 to 100 mg/kg per 
day, or about 0.1 to 50 nigflcg per day. Withm tfiis range the dosage rim^ 
0.5, 0.5 to 5 or 5 to 50 mg^ per day. For oral administration, the compositions are 
preferably provided in ttie form of tablets containing 1.0 to 1000 milligrams of tiie 
active ingredient, preferably 2.0 to 500. more preferably 3.0 to 200, particularly 1, 5, 
35 10, 15, 20, 25, 30, 50, 75, 100. 125, 150, 175, 200, 250, 300, 400, 500, 600. 750, 800. 
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900, and 1000 milligrams of the active ingredient for the symptomatic adjustment of 
the dosage to the patient to be treated The compounds may be administered on a 
regimm of 1 to 4 times per day , preferably once or twice per day . 

It will be understood, however, that the specific dose level and 
5 ftequency of dosage for any particular patient may be varied and will depend upon a 
variety of factors including Ae activity of the specific compound employed, the 
metabolic stability and length of action of that compound, the age, body weight, 
g^eral health, sex, diet, mode and time of administration, rate of excretion, drug 
combination, the seventy of the particular condition, and the host undergoing therapy. 
10 Several methods for preparing the compounds of this invention are 

illustrated in the following Examples. The subject compounds may be pr^ared by 
modification of the procedures disclosed in the Examples as appropriate. Starting 
materials are made by knovm procedures or as illustrated. The following examples 
are provided for the purpose of further illustration only and are not intend to be 
15 limitations on the disclosed invention. The following are representative procedures 
for the preparation of the conqK)unds used in the following Examples or which can be 
substituted for the compounds used in the following Examples which may not be 
commercially available. 

Concentration of solutions was g^erally carried out on a rotary 
20 evaporator under reduced pressure. Hash chromatography was carried out on silica 
g^l (230-400 mesh). MPLC refers to medium pressure liquid chromatography and 
was carried out on a silica gel stationary phase unless othOTvise noted. NMR spectra 
w^ obtained in CDCI3 solution unless otherwise noted. Coupling constants (J) are 
in hertz (Hz). Abbreviations: diethyl ether (ether), triethylamine (TEA), NJNT- 
25 diisopropylethylamine (DIEA) saturated aqueous (sat'd), room tenc^erature (rt), 
hour(s) (h), minute(s) (min). 

Jb some cases the order of carrying out the foregoing reaction schemies 
may be varied to facilitate fixe reaction or to avoid unwanted reaction products. The 
following exanq^les are provided for the purpose of further illustration only and are 
30 not intended to be limitations on the disclosed invration. 

Concentration of solutions was generally carried out on a rotary 
evaporator under reduced pressure. Flash chromatography was carried out on silica 
gel (230-400 mesh). NMR spectra were obtained in CDCI3 solution unless otherwise 
noted. Coupling constants (J) are in hertz 03z). Abbreviations: diethyl ettier (ether). 
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tiieth)daiiiine (TEA), NJSr~diisopropylethylamine (DIEA) saturated aqueous (sat'd), 
room temperature (rt), hour(s) (h), mmute(s) (min). 

The following axe representative Procedures for the preparation of the 
compounds used in the following Examples or which can be substituted for the 
5 compounds used in the following Examples which may not be commercially 
availsible. 

INTERMEDIATE! 



10 




Intermediate 1 was prepared according to the procedure desciibed in /. 
Anu ChenL Soc, 1991. iii, 2079-2089. 

IlSrrEBlMEDIATE2 




15 

To a solution of terahydro-4H-pyran-4-one (5.0 g, 50 nmiol) and 
hexamethylphosphoraraide (8.70 mL) in telrahydrofiiran (150 mL) was added slowly a 
solution of lithium diisopropylamide (31.25 mL, 2 M solution) in 125 mL of 

20 tetrahydrofiiianat-78.°C. The reaction mixture was stirred for 5 niin and tiienetiiyl 
iodide was added (16.0 mL, 200 mmol). The mixture was gradually wanned to 0 °C 
over 2 h. The reaction mixture was quenched with a saturated solution of NH4C1 and 
then extracted with ether (4x 100 mL). The ether layer was washed with brine, dried 
(anhydrous magnesium sulfate), concentrated, and purified by flash column 

25 chromatography eluting with hexanes/ethyl acetate (4: 1) to give Intermediate 2 (1.20 
g.20%). 

INTERMDIATB3 
O 



Step A 
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HO, 




To a mixture of 5,6-dihydio-4-methoxy-2J5r-pytaii (10.0 g, 87.5 nunol) in methanol 
(200 mL) at 0 was added dropwise a solution of 3-chlQroperoxy-benzoic acid 
(30.2 g. 175 mmol) in metfianol (50 mL) via an addition funnel. The resulting 

5 solution was stirred for 5 haUowing it to warm to n)omtemperatu^ The methanol 
was rranoved under reduced pressure aflfor^ The matedal was 

dissolved in 500 mL of dichloromethane and cooled to 0 "^C. To the mixture, while 
stiinng vigorously, was added in portions an excess of solid calcium hydroxide (50-60 
g). After stirring an additional 30 min^ the mixture was filtered through a plug of 

10 cehte and the filtrate was evirated under reduced pressure to afford 1 1.62 g (82%) 
of the desired product as a clear oil. NMR (500 MHz ^CDCls) 5 3,88-3.80 (m, 
2H), 3.73-3.68 (m, 2H), 3.54-3.48 (m, IH), 3.28 (s, 3H), 3.27 (s, 3H), 2.00-1,93 (m, 
IH), 1.82-1.77 (m, IH). 

15 StepB 




To a cooled (0 ^'C) solution of the product from Step A, Ihtranediate 3 (9.40 g, 58.0 
mmol) in tetrahydrofiiran (200 mL), under nitrogen, was slowly added NaH (232 g, 

20 58.0 mmol) and tiie resulting sluny was stirred for 1 h at 0 •'C. lodomethane (7.22 
mL, 1 16 mmol) was tiien added via syringe to tfie slurry and the resulting mixture was 
stirred ovemi^t allowing it to warm to room temperature. The reaction was 
qurached with a saturated solution of ammonium chloride (200 mL) and the organic 
layer was then removed using a sqparatory funnel. The aqueous layer was extracted 

25 wifli eflier (3 x 150 mL) and all flie organics were combined, dried over anhydrous 
sodium sulfate, filtered, and evaporated in vacuo. Purification was accomplished by 
flash column using a stepwise gradient eluant of 10-60% ethec/hexanes to afford 8.46 
g (83%) of the deshed product as a clear oil. NMR (500 MHz,CDa3) 5 3.98 (dd, 
J = 2.5, 12.4 Hz, IH), 3.77 (ddd, J = 3.5, 7.1, 10.8 Hz. IH), 3.57 (dd, J = 1.4, 12.4 Hz, 

30 IH), 3.50 (dd, J = 2.5, 11.7 Hz, IH), 3.46 (s, 3H), 3,25 (s, 3ED, 3.22 (s, 3H), 3.22-3.20 
(m. IH), 1.96 (ddd, J = 4.7, 11.8. 16.5 Hz, IH), 1.75 (hr dd, J = 1.7, 14.2 Hz, IH). 
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5 A solution of the product firom Stsp B, Litennediate 3 (3,0 g, 17.04 mmol) in 

tetrahydrofiiran/water (60 mL/10 mL) was treated with concentrated hydrochloric acid 
(6 mL) and the resulting solution was stirred at room temperature The 
mixture was concentrated in vacuo to remove the tetrahydrofuran and the aqueous 
layer tiien extracted with ether (6 x 50 mL). The organics were combined, dried over 

10 anhydrous sodium sulfate, filtered, and evaporated under reduced pressure to afford 
intermediate 24 (1.75 g, 79%) as a clear oil. *H NMR (500 MHz, CDQa) 5 4.23 (ddd, 
J = 1.2, 11.4, 12.4 Hz, IH), 4,15^.09 (m, IH), 3.82 (dd, J = 5.95, 8.7 Hz, IH), 3.74 
(ddd, J = 5.5, 8.5, 13.6 Hz, IH), 3.56 (dd, J = 8.8, 11.3 Hz, IH), 3.50 (s, 3H), 2.61 
(app dd, J = 5.0, 8.9 Hz, 2H). 

15 INTERMEDIATE 4 




This intermediate was prepared in an analogous fashion to that of Xntermediate 3, 
20 except iodomethane was rqilaced with iodoetfiane. Purification by MPLC (gradient 
elution ftom 0-40% etiiyl acetate/hexanes) afforded 683 mg (66%) of the final 
compound as a clear oil. 

I|srrERMEDIATE5 



25 



O 



To a mixtute of 5.6-dihydto-4-ineftioxy-2H-pyran (0.5 g, 4 mmol) in 
acetonitiile/water (15 mL, 1:1) at room tenpesratme was added l-(dilQromelhyl)-4- 
fluoro-l,4^1iazomaW<7clo[2.2.2.]octanebis(tetrafluoioborate) (1.5 g, 4.4manol, 
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SELECTFLUOR™) in one lot and the resulting reaction mixture was stirred at room 
temperature until completion. Solid NaCl was then added and the reaction mixture 
was then extracted with etiira: (4 x 50 mL). The ethra- layer was dried (anhydrous 
magnesium sulfate) and concentrated to yield 0.34 g (6S%) of the title compound that 
5 required no further purification. IH NMR (500 MHz, CDC13): d 4.95 (m, IH), 4.4- 
4.21 (m, 2H), 3.72-3.65 (m, 2H), 2.75 (m, 2H). 

INTERMEDIATE 6 



10 



II ^JiO^/^Me 



Step A 



15 A mixtuie of tetrahydio-4H-pyran-4-one (10.0 g, 100 mmol) and pyrroKdine (11 g, 
150 mmol) was stined at room temperature for 1 h. The excess pyrroKdine was 
removed in vacuo and the residue was dried oveniight under higjh vacuum. The 
enamine was obtained as a yellow liquid (14J g) which was used in the next step 
without further purification. 

20 

StepB 

HO OMe 

The enamine, prepared in Step A, Intranediate 6 (1.54 g, 10 nomol) and 
dimethylpyridine (1.22 g) wore treated with NJ^-dimethylformamide (25 mL). The 
25 mixture was cooled to 0 °C and solid 5-<trifluon)mefliyi)dibenzothiophen-iom 

trifluoromeflianesulfonate (4.0 g, 10 mmol) was added. The resulting mixture was 
stined at 0 ^^C for 1 h, then qurached with 30 mL of concentrated aqueous HQ. The 
resulting inixture was stirred for 2 hand then extracted with ether (4 x 70 inL). The 
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combined ether layers were washed with water (50 mL) and brine (50 mL), dried over 
Na2S04, filtered, and evaporated. The residue was purified rai silica gel (eluant 10% 
ethCT/hexanes) to yield two con^onents. The more polar component ^00 mg) was 
tiie desired product 'H-NMR showed that it might exist in a semi-ketal form. *H 
5 NMR (500 MHz. CDOs) 5 4.43-3.38 (m, 5H), 3.24. 3.18 (ss. 3H) 2.52 (m. ffl), 1.82 
(m, IH). The less polar product (100 mg) was confirmed as alpha-alpha* di- 
trifluoromethyl tetrahydio-4H-pyran-4-one. 'HNMR (500 MHe, CDCk) 5 4.59 (dd, 
2H), 3.24. 3.80 (t. J = 113 Hz. 2H) 3.42 (m. 2H). 

10 INTERMEDIATE? 

"OX' 

Step A 

15 

To a solution of 5-trifluoromefliyl-2-pyTidinal (51 g. 310 rmnol) and sodium acetate 
(26.2g. 319 mmol) in glacial acetic add (200 mL) was added bromine (16.7 mL. 325 
mmol) and the resulting mixture was heated at 80 for 2 J h. The reaction was 
allow to cool to room temperature and tiien was evaporated undo: reduced pressure. 
2a The residue vm neutralized with saturated NaHCOs solution and extracted witii ethyl 
acetate (3 x 200 mL). Ibe organics wctb combined, dried over MgS04, fiQteied, and 
evaporated in vacuo to yield 74.45 g (98%) of the crude product NMR (400 MHz, 
axna) 6 8.04 (d, J=2.6 Hz. IH). 7.89 (m, IH). 



25 StepB 

O 




Under nitrog^. the substituted pyridine described in Step A, Lottermediate 7 (48.8g. 
202 mmol) was ad^in small portions to a suspension of NaH (8.9 g, 230 mmol) in 
anhydrous tetrahydrofuran (500 mL). Afbex complete addition of tiie intramediate, the 
30 reaction mixture was cooled to -78 °C and tieated witii tert-butyllitiiium (260 mL, 
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444 mmol) added dropwise via syringe. After stirring for 5 min, N J^- 
dimethylfonnamide (50 mL, 707 mmol) was added slowly to maintain ike 
temperature below -50 °C. The resulting mixture was then stirred for 10 h allowing 
towarmtoroomtMi^jerature. Themixtaiewasquendiedwith2NHaandthMi 
5 diluted wifli ethyl acetate (1000 mL). The organic layer was separated, washed with 
brine, dried over MgS04, and eva|>oratBd in vacuo. The desired product was 
precipitated out of elhyl acetate and hexanes and filtered to yield a ligjit brown sohd 
(28.55 g, 74%). 'HNMR (500 MHz, CD3OD) 5 10.13 (s. IH), 8.21 (s, 2H). 

10 StepC 



A mixture of the intranediate from Step B. Intermediate 7 (18 g, 95 mmol), sodium 
formate (7.1 g, 110 mmol), hydroxylamine hydrochloride (7.3 g, 110 mmol). and 

15 formic acid (150 ndL) was stirred at room temperature for 2 h and then heated to 
reflux ovemi^L The reaction mixture was cooled and allowed to stand at room 
temperature for 7 days. The reaction was poured into water and extracted with ethyl 
acetate (3 x). The combined organic layers were washed with water (2 x), saturated 
NaHCOa and brine, dried over Na2S04, filtered, and concentrated in vacuo to yield the 

20 desiiedproductasabrownpowder(17.84g.90%). ^HNMR(400MHz,CD3OD)6 
8.37 (d. J=2.7 Hz, IH), 8.19 (q, J=0.7 Hz, 0.3 Hz. IB^- 



25 To a mixture of phosphorous oxychloride (13.4 mL. 144 mmol) and qumoline (8.7 
mL, 73 mmol) was added the product from Step C, Ihtramediate 8, (24.6 g, 131 
mmol) and the resulting mixture was heated to refiux for 3 h. The reaction was 
cooled to 100 before watear (70 mL) was slowly added. The mixture was fuithar 
cooled to room teir^eratine and neutralized carefiilly with saturated NaHCOs 

30 solution. The aqueous layer was «rtractedwiflie«hyl acetate ^x) and theorbo 
layers were comlnned. dried over M^04. filtered, and evaporated in vacuo. The 
crude product was purified by flash chrQmatogrq>hy to afford (23.5 g, 87%) of the 




StqpD 
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10 



15 



20 



desired compound. 'H NMR (500 MHz. CDOj) 8 8.88 (d, J=2.0 Hz, IE), 8.26 (d, 
J=2.5Hz,lH). 



To a snspenaon of NaH (7.8 g, 200 mmol) in tetrahydrofiiran (100 mL) under 
nitrogen was added dropwise a solution of *ert-butyl methyl malonate (20 mL, 120 
mmol) in anhydrous tetrahydrofuran (100 mL) via syringe. The reaction mixture was 
stirred for 0.5 h before a solution of the intermediate prepared in Step D, InteTmediate 
8 (20.1 g, 97.6 mmol) in tetrahydrofuran (200 mL) was added slowly via syringe. Hie 
leaction was stirred at room temperature overnight, then quenched with a saturated 
solution of NH4CI. The organic layra: was separated and the aqueous layer was 
extracted widi ethyl acetate (3 x). The combined organic layears were washed with 
water (3 x), dried over N^04, fiHtored, and evaporated in vacuo. Hash 
ctaomatogcaqphy afforded 31.76 g (95%) of the pure desired product *H NMR (500 
MHz, CDQa) 5 9.03 (d, J=1.5 Hz. IH), 8.25 (d, J=2.0 Hz. IH). 5.25 (s, IB). 3.86 (s, 
3H). 1.52(s,9H). 



A suspension of Raney Ni (1 g) and the product from Step E, Intermediate 7 (18.2 g, 
52.9 mmol) in edianol (130 mL) was placed on a Parr ^>paratus and hydrogenated at 
40 psi Hb ovOTiight The suspenaon was filtered throu^ cdite and flie filtrate was 
evaporated mvacHO to afford 16.35 g (98%) of the crude product *H NMR (500 
NEz. CTOs) 5 8.83 (s. IH). 7.89 (s. IH), 7.82 (s. IH). 4.83 (d. J=16 Hz, IH). 4.72 
(s. IH), 4.49 (d, J=16 Hz. IH), 1.45 (s. 9H). 



StepE 





StepO 
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To the mixture of the product from Step F, Intennediate 7 (16 g, 51 nunol) in 
dichloiomethane (60 mL) was added TP A (30 mL) and the resulting mixture was 
stined at room temperature for 0.5 h. The solution was evjporated under reduced 
pressure and the residue was dissolved in dichloromethane. The mixture was 
neutralized by the dow addition of a solution of saturated sodium bicarbonate and die 
organic layer was removed. Tbe aqueous layer was extracted with dichloromethane (4 
x) and tbe combmed organic layers were dried over Na2S04, filtered, and evaporated 
in vacuo to afford 10.42 g (95%) of tiie desired product 'H NMR (400 MHz, CDQa) 
5 8.81 (s, IB). 7.78 (s, IH). 730 (s. IH), 4.63 (s, 2H), 3.90 (s, 2H). 



StepH 



OX 



To a solution of the product ftom Step G, luteimediate 7 (18.0 g, 83.3 mmol) in 
tetrahydrofuran (50 mL) was added 1.0 Mboiane in tetrahydiofuran (417 mU 420 
15 imiK)l) and die resulting solution was stined at room The 
soluticm was evaporated under reduced pressure and the residue was treated with 1 % 
HO/ meflianol solution. The resutling mixture was heated at 50 ""C overnight to 
breakdown the borane complex. Treatment with acidic methanol was repeated twice 
to insure that die borane complex was removed. A solution of this crude product 
20 (83.3 mmoh assuming 100% conversion) and diisopropyletiiylamine (43 mL, 250 
mmol) in dichloromettiane was treated with di-tert-butyl dicadx)nate (36.4 g, 167 
mmol) and the resulting mixture was stirred at room temperature overnight The 
solution was washed witii saturated sodium bicarbonate solution, water, and brine. 
The aqueous layers were combined and back-washed with dichloromethane (2 x). 
25 The combined organic layers were flien dried over N^S04, flitted, and evaporated to 
dryness. The crude product was purified by flash chromatography and MPLC to 
aflford (11,89 g, 47%) as a yeflow solid. NMR (500 MHz, CDCls) 5 8.69 (s, IH). 
7.66 (s, IH), 4.67 (s, 2H), 3.79 (t, 1=6.0 Hz. 2H), 3.08 (t. J=5.5 Hz, 2EI), 1.51 (s, 9H). 



30 StepI 

HN 



OX' 
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The product described in Step H, Intennediate 8 (1 1.89 g) was treated with a solution 
of 4 N HCl in dioxane. The solution was stiired at room temperature for 2 h and then 
evaporated in vacuo to afford Intermediate 8 (10.85 g, 99%) as a yellow powder. LC- 
MS for C9H10F3N2 calculated 202.07, found [M+H] * 203.0. 

5 

INTERMEDIATB 8 

Procedure A: 

10 StepA ^ 

A mixture of (lS)-(+>2^azabicyclo[2.2.1]hept-5-en-3-one (10.3 g, 94.4 mmol) in 
ethyl acetate (200 niL) and 10% Pd/C (0.5 ^, was hydrogenated at loom temperature. 
After 24 h the reaction mixture was filtered and evaporated leaving behind 10.4 g 
15 (100%) of the product that was taken in 250 mL medianol and HQ (12 M, 6 mL). 

The resultant mixture was stirred at room tenq)eiature, until the reaction was complete 
(72 h). Evaporation of methanol followed by drying imder high vacuum, yielded tide 
compound as an off white soUd (16.0 g, 96%). NMR (500 MElz, D2O): 5 3.70 (s, 
3H), 3.01 (m, IH), 2.38 (m, IH), 2.16-1.73 (m, 6H). 

20 

Step B ^ 

Ph 

To a suspension of the intermediate from Step A (10.2 g, 56.8 mmol) in dry 
dichloromethane (200 mL) was added benzophenone imine (10.2 g, 56.8 mmol) at 
25 room temperature and die resultant mixture was stirred for 24 h. The reaction mixture 
was filtered and the filtrate was evaporated, to leave behind a yellow oil that was 
triturated with ether (100 mL), filtered and evaporated This operation was repeated 
twice to ensure diat the product was free of ammonium chloride impurities. The 
resultant oil was thorougjily dried under vacuum to yield the title compound (18.03 g. 
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>100%) and required no further purification. IH NMR (500 MHz, CDC13): 8 7.5- 
7.18 (m, lOH), 3.75 (m. IH). 3.7 (s, 3H). 2.78 (m, IH), 2.26-1.71 (m. 6H). 

StBpC 

5 ^ 

To a solution of lithium diisopropylamide (prepared firom diisopropylamine (7.7 g, 76 

mmol) and n-butyllithium (30,4 mL, 2.5 M in hexanes, 76 mmol) in tetrahydrofuran 

(120 mL) at -78 ^^C was added the ester from step B (18.0 g, 58.6 mmol). The 

resultant burgundy colored solution was stirred for 20 min after which it was 

10 quenched with 24odopropane (14.9 gm, 88 mmol). The reaction mixture was 
gradually warmed over 3 h to 0 and this ten^eratuxe was miaintained for an 
additional 3 h. Reaction was quenched with water and extracted with e(byl acetate. 
The organic layer was washed with water, hrine, dried (anhydrous magnesium sulfate) 
and concentrated to yield an oil. To the solution of the crude Schiff base (20.0 g) in 

15 tetrahydrofuran (100 mL) was added HQ (5.0 mL, 12 M). The resulting reaction 
rmxture was allowed to stir at room ternpearature for 3 h. Aft^ the removal of all 
volatiles, the hydrochloride salt was taken up into dichloromethane (250 mL), 
saturated solution of sodium bicarbonate (250 mL) and di-tert-butyl dicarbonate (26.0 
g, 1.4 Eq.) were added. The resultant mixture was vigorously stirred overnight at 

20 room temperature. The organic layer was separated and washed with water, hrine, 
dried (anhydrous magnesium sulfate) and concmtrated to yield an oil. Purification by 
flash column diromatography (elurat: hexanes/ethji acetate 19 : 1) gave die deshed 
product (4.91 g, 30%). IH NMR (500 MHz, CDC13): 4.79 (hr, IH), 4.01 (m, IH), 
3.71 (s, 3H), 2.18-1.60 (m, 6H), 1.44 (s, 9H). 0.87 (d, J = 6.9 Hz, 3H), 0.86 (d, J = 6.9 

25 Hz,3H). 




To a solution of the ester from Step G (4.91 g, 17.2 mmol) in methanol (100 mL) was 
30 added a solution of UOH (3.6 g, 85 mmol) m water (20 mL) and tetrahydrofuran (10 
mL). The resultant mixture was heated at 80 until die reaction was complete (18 
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h). The methanol was removed in vacuo and the erode product was taken up wilh 
watei/ethyl acetate (200 mL, 1:4) and cooled to 0 "C. The acidity of the mixture was 
adjusted to pH 6. The ethyl acetate layer was separated, washed with water, brine, 
dried (anhydrous magnesium sulfate) and concentrated to yield an oil. Purification by 
5 flash column chromatography (eluent: hexanes/ethyl acetate l:l + 2%AcOi0gave 
liitermediale8(3.9g,84%). lHNMR(500MHz,CDC13): 11.36 (hr, 115, 6.49 (hr, 
IH), 4.83 (m. IH), 3.71 (s, 3H), 2.30-1.55 (m, 6H), 1.46 (s. 9H), 0.94 (d, J = 6.9 Hz, 
3H), 0.933 (d, J = 6.9 Hz. 3H). 

10 Procedure B: 



Commeaccially avaflable (lR,4S)-4-aminocyclopent-2-ene-l-carboxylic acid was 
15 converted to its meth^ ester hydrochloride salt via classical procedures. 



20 To a suspension of amine from Step A (6.31 g, 35.5 mmol) in acetone (40 mL) and 
water (20 mL) was added solid NaHCOa (6.6 g, 78 mmol) in portions. After 5 min, a 
solution of di-tert-butyl dicaibonate (8.5 g, 39 mmol) in acetone (60 mL) was added 
and the reaction inixtaie was stirred at room tMnpaatuTB. Afler3h,acet«iewas 
lemoved m vacuo and the residue was partitioned between etiier (500 mL) and 

25 saturated aqueous NaHCOa solution (120 niL). The elher layer was further washed 
with aqueous NaHCOs solution (1 x 100 mL), brine (1x100 mL), dried over 
anhydrous Na2S04. concentrated and purified by flash chromatogrq»hy (15% ethyl 
acetate/bexanes) to afford tiie product (725 g, 85%). 

30 StepC: 



Step A: 




StepB: 
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To a solution of lithium bis(trimethylsilyl)amide (10.4 g, 62.1 mmol) in 
tetrahydrofuran (100 mL) was added a solution of the intermediatB ftom Step B (6.71 
g, 27.8 nunol) in teliahydiofuian (10 mL) over 10 min at -78 °C. The resulted 

5 solution was stined at -78 °C for 30 min before isopropyl iodide (3.3 mL, 33 mmol) 
was added in one portion, nie reaction was allowed to warm up to -25 °C and this 
temperature was maintained overnight The reaction was then quenched with an 
aqueous saturated ma solution (250 mL). The organic layer was separated and the 
aqueous layer was further extracted with diethyl ether (3 x 100 mL). The combined 

10 organic layers were then washed widi brine (1 x 100 mL). dried over anhydrous 
Na2S04, filtered, concentrated and purified by flash chromatography (5-10% ethyl 
acetatemexanes) to give the product (5.66 g, 72%) as a clear oil (dstos = 4.3/1). *H 
NMR (500 MHz, CDCI3) ds-isomer. 5 5.79 (s, 2H). 4.75 (m, IH), 3.72 (s, 3H). 2.28- 
2.20 (m, 2H), 2.0 (dd, J = 15. 4 Hz. IH), 1.45 (s, 9H), 0.85 (d, J = 6.6 Hz, 3H). 0.81 

15 (d.J=7Hz.3H). 



StesgB: 

H 



To a solution of the product fix)m step C (1.6 g, 5.7 mmol) in tettahydrofiiran (50 mL), 
20 methanol (50 mL) and water (10 mL) was added LiOH monohydrate (400 mg) and the 
reaction was heated to reflux overnight until the TLC indicated that the reaction was 
con^lete. The organic solvrants ware ranoved in vacuo and the aqueous layer was 
washed with ether (1 x) and then acidified slowly with cancentrated HQ until the pH 
reached 4. The resulting suspension was extracted with CHiQa (3 x). The combined 
25 organic layers were dried over anhydrous MgS04, filtered and concentrated to give the 
product as a mixture of two ds/trans isomers (1.5 g) as a foaming yeUow solid. This 
soUd was dissolved in e&yl acetate (2 mL) with heating and diluted with hexanes (50 
mL) to give a clear solution. This solution was allowed to cool to room twnpCTate 
slowly over 1 h and then maintained at -25 °C in a fireezer ovemi^t The tians- 
30 isomer was crystaHzed out along with some of the desired ds-isomer (500 mg total). 
The mother solution was coUected and concentrated to give tfie title compound (1 g, 
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66%, cis-isomer only). NMR (500 MHz, CDCI3) cis-isomen 8 5.80 (m, 2H), 4.80 
(m. IH), 2,40-2.20 (m, 2H), 2.15-2.0 (m, IH), 1.5 (nu 9H), 1.0-0.8 (m, 3H). 

Step E: 

To a solution of the psroduct from Step D (1 g) in ethanol (30 mL) was added 10% 
Pd/C (100 mg) and the resulting mixture was agitated on a Parr apparatus at 50 lb 
pressure of H2 ovemigjit The mixture was filtered througji celite and concentrated in 
vacuo to afford the title compound (Ig, 99%). mNMR(500MHz, CDCD): 1L36 
10 (hr, IH), 6.49 (br, IH), 4.83 (m, IH), 3.71 (s, 3H), 2.30-1.55 (m, 6H), 1.46 (s, 9H), 
0.94 (d, J = 6.9 Hz, 3H), 0.933 (d, J = 6.9 Hz, 3H). 



INTEIIMEDIATE9 



O 



15 

Step A 




IhtermedialB 8 (4.6 g, 16 mmol) and Intermediare 11 (4.0 g, 14 mmol) were first 
dried by azeotropic distiUation with toluene (3x 50 mL) and placed under high 

20 vacuum for 30 min. Undear nitrogen, 4-dimethylaminopyridine (1.08 g, 8.60 mmol), 
anhydrous dichloiomethane (40 mL), and diisopropylethylamine (7.0 mL, 40 nunol) 
were added sequentially. After Intermediate 8 was in solution, bromo-tris- 
pyrrolidino-phosphonium hexafluorophosphate (6.80 g, 14.3 mmol) was added, 
immediately followed by additional diisopropylethylamiiie (7.0 mL, 40 mmol). The 

25 reaction mixture was stirred at room temperature ovemi^t and then quenched with 
saturated NaHCOs. The aqueous layer was back washed wift dichlorometfaane (3 x 
50 mL) and the organic layers wctb combined, dried over Na2S04, filteaced, and 
evaporated in vacua. The crude product was purified by flash chn)rnatogcaphy 
(stepwise gradient 0-60%, eOxyl acetate/hexanes) to afford the product (4.80 g, 74%) 
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as a yeUow foam. 'H NMR (500 MHz, CXKX3) 6 8.72 (s, IH), 7.70 (s, IH), 4.88 (br 
d, J = 17.0 Hz, IH), 4.78 (d, J = 17.6 Hz, IH), 4.04-3.84 (m, 2 H), 3.52 (br s, IH), 
3.12 (hr t, J = 5.6 Hz, IH), 2.32-2.06 (m, 3H), 1.98-1.70 (m, 4H), 1.64-1.54 (m, IH), 
1.44 (s, 9H). 0.92-0.82 (m, 6H). LC-MS for CTaHazEySTaOa calculated 455.24, found 
5 IM+m* 456.2. 



StqpB 



O 




The firom Step B, Litenoediate 19 (1.2 g, 2.6 mmol) was dissolved with 4 N HQ in 
10 dioxane (50 mL) and die lesulting solution was stined at room tenqmatuie for 1 h. 
The reaction was ev^Kirated under vacuum to afford the product (904 mg, 97%) as a 
^te powder. LC-MS calculated for CisBWEbNaO is 355.20, found (M+Hf 356.2. 



INTERMEDIATE 10 



15 




St^ A 



I 

o- 

To a solution of the product descdbed in Step A, IntennediatB 19 (2.0 g, 4.4 mmol) in 
20 dicUoioniethane (80 idL) was added 3-chIoiopen)xybenzoic ad^ 

and the resulting solution was stibcced ovemi^t at room ten]^)ei:atuie. The mixture 
was cooled to 0 ""C and while stitring vigorously, solid calcium hydroxide was added 
in portions (about 6 g). The suspension was stirred for an additional 30 min, then 
filtered througji celite to remove all solids. The filtrate was evaporated in vacuo and 
25 the residue was purified by MPLC (gradient eluant 40-100% ethyl acetate/hexanes) to 
afford 1.32 g (64%) of the desired compoun A NMR (500 MHz, CDCU) 5 8.46 
(s, IH), 7.28 (s, IH), 4.88 (br d, J = 17.2 Hz, IH), 4.78 (d, J = 17.7 Hz, IH), 4.05-3.84 
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(m, 2 H), 3.12 (br s, IH), 2.34-2.06 (m, 3H), 1.88-1.70 (m, 4H), 1.62-L54 (m, IH), 
1.43 (s, 9H), 0,90-0.85 (m, 6H). LC-MS for C23H32F3N3O5 calculated 471.20, found 
[M+H]"' 472.2. 



The product horn Step B, Intennediate 20 (1.32 g, 2.82 mmol) was dissolved in 4 N 
HCl in dioxane (50 mL) and the resulting solution was stirred at room teinqperature for 
1 h. The reaction was evirated under vacuum to afford the product (1.10 g, 98%) 
10 as a white pow<ter. LC-MS for C18H24F3N3Q2 calculated 371 J20. found [M+m* 
372.2. 



15 A solution of Intennediate 9 (890 mg, 2.08 mmol), tetrahydn>4/?-pyran-4-one (320 
mg, 3.13 mmol), diisopropylethylamine (1.10 mL, 6.24 mmol) and crushed molecular 
sieves (4 A, 500 mg) in dicMoromethane (50 mL) was treated with sodium 
triacetoxyborohydride (2.20 g, 10.4 mmol) and stirred at room temperature ovemigjit. 
The reaction was quenched with saturated sodium bicarbonate solution (50 mL) and 

20 diluted with an additional 25 mL of dichlorometfaane. The oiganic layer was separated 
and the aqueous lay^ was washed witib dichloiomethane (2 x 25 mL). The organics 
were combined, dried over anhydrous sodium sulfate, filtered and evaporated under 
reduced pressure. The cmde product was purified by revise phase HPLC to yield 
Example 1 (915 mg, 86.0%) . LC-MS for C23H31F3N3O2 calculated 439.24, found 



5 



StepB 




EXAMPLE 1 




[M+H]'^ 440.2. 



EXAMPLE2 
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A solution of Intermediate 9 (304 mg, 0.712 namol), Intranediate 1 (160 mg, L42 
mmol), diisopropylethylamme (370 fiL, 2.14 mmol) and crushed molecular sieves (4 
A, 150 m^ in dichloromethane (25 mL) was treated with sodium triacetoxyboro- 
5 hydride (755 mg, 3.56 mmol) and stirred at room temperature overnight The reaction 
was quenched with saturated sodium bicarbonate solution (25 mL) and diluted with an 
additional 25 mL of dichloromethane. The organic layer was separated and the 
aqueous layer was washed wiA dichloromethane (2 x 20 mL). The organics were 
combined, dried over anhydrous sodium sulfate, filtered and evirated under 

10 reduced pressure. The residue was purified by preparative TLC (eluant: 0,5% 

NH40H/5% methanoy94.5% CH2CI2) to yield 239 mg (74%) of the final product as a 
mixture of four diastaeomers. Cis and trans racemate in reference to the pyran ring 
were resolved by HPLC equipped with a Preparative ChiralCel OD colunm (eluant 
5% elhanol/95% hexanes). Cis racemate was further resolved by using the Preparative 

15 CSiiralPak AD column (eluant: 5% ethanol/95% hexanes). LC-MS for C24H35EySl3C)2 
calculated 453.26, found 4543. 

EXAMPLE3 




20 

This product was prepared in an analogous fashion to that of Example 2, except 
Intermediate 1 was replaced with Intermediate 2. Purification by preparative TLC 
(eluant: 0.5% NH4OH/ 5% methanoiy943% CH2CI2) afforded 203 mg (92%) as a 
25 mixture of four diasteieomers. The single isomers wete obtained by purification on an 
HPLC equipped witfi a Preparative ChhalCel OD column eluting witii 5% 
ethanol/95% hexanes with a flow rate of 9 mLfann. LC-MS for C25H36F3N3O2 
calculated 467.28, found [M+HT 468.3 for all 4 isomw- 

30 EXAMPLE4 
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This product was piepared in an analogous fashion to Exanq>le 2, exc^t intermediate 
1 was replaced witb Eitmnediate 5. Purification by afforded 312 mg (88%) as a 
5 nrixtine of four diastereomers. LC-MS for C3oH3dClF3N304 calculated 593.23, found 
IM+m* 594.3. 



EXAMPLES 



10 




To the solution of the product described in Example 4 (286 mg, 0.482 mmol) in 
methanol (5 mL) was added a solution of 0.5 M sodium methoxide in methanol (1.2 
inL, 0.58 mmol) and the resulting mixture was stibrted at room temp^iature for 2 h. 
15 After completion of reaction, the mixture was evaporated in vacuo and purified by 
preparative TLC (eluant 1.0% NH4OH/10% methanol/89% CH^Qi) to yield 
Bxanq>le 21 (201 mg, 91.6%) as a mixture of four diastereomers. LC-MS for 
C23H33F3N3O3 calculated 455.24, found |M+H]^ 456.25. 

20 EXAMPLE6 




A solution of Intermediate 9 (500 mg, 1,17 mmol), Intermediate 3 (458 mg, 3.51 
25 nunol), diisopropylethylamine (407 /iL, 2.34 mmol) and crushed molecular sieves (4 
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A, 250 mg) in dichloroinethaiie (25 mL) was treated with sodium triacetoxyboro- 
hydride (1.24 g, 5.85 mmol) and stiircd at room temperature overnight. The reaction 
was qu^hed witfi saturated sodium bicarbonate solution (25 mL) and diluted with an 
additional 25 mL of dichloromethane. The organic layer was separated and the 
5 aqueous layer was washed with dichloromethane (2 x 20 mL). The organics wexe 
combined, dried over anhydrous sodium sulfate, filtered and evaporated under 
reduced pressure. The residue was purified by preparative TLC (eluant: 1.0% 
]SIH4OH/10% methanol/89% CH2CI2) to yield 210 mg (86%) of the final product as a 
mixture of four diastereomers. The single isomers were obtained by using an HPLC 
10 equipped witti a Preparative ChiralCel OD column eluting with 20% ethanol and 80% 
hexanes with a flow rate of 9 mL/min. LC-MS calculated for C24H34F3N303 is 



469.21, found (M+HJ*470,2 for all 4 isomer. 3^* isomer off OD ChiralCel Column: 

NMR (500 MHz. CDOj) ^ 8.72 (s, IH), 7.69 (s, IH), 4.87 (br d, J = 17.2 Hz, IH), 
4.75 (d, J = 17.4 Hz, IH), 4.12 (dd, J = 3.1, 12.4 Hz, IH), 3.99-3.86 (m. 3H). 3.47- 

15 339 (m, IH), 3.41 (s, overlapped, 3H), 3.35-3.30 (m, 2EI), 3.20-3.08 (m, 3H), 2.87- 
2.80 (m, IH), 2.62-2.54 (m, IH), 2.16-2.02 (m, 2H), 1.95 0>r s, IH), 1.88-1.81 (m, 
IH), 1.78-1.57 (m, 6H), 1.41-1.32 (m, IH), 0.96 (d, J = 6.7 Hz, 3H), 0.84 (d, J = 6.6 
Hz, 3E0. 4* isomea- off OD ChiralCel Column: *H NMR (500 MHz, CDCI3) d^H 
NMR (500 MHz, CDCI3) d8.72 (s, IH), 7.69 (s, IH), 4.87 (br d, J = 17.6 Hz, IH), 

20 4.75 (d, J = 17.5 Hz, IH), 4.10 (dd, J = 3.1. 12.3 Hz. IH), 3.99-3.88 (m, 3H), 3.46- 
3.39 (m, IH), 3.41 (s» overlapped, 3H), 3.35-3.30 (m, 2H), 3.17-3.09 (m, 3H), 2.86- 
2.80 (m, IH). 2.64-2.55 (m, IH), 2.16-2,10 (m, IH), 2.05 (br s, IH), 1.95-1.82 (m, 
2H), 1.76-1.55 (m, 6H), 1.33-1.24 (m, IH), 0.95 (d, J = 6.7 Hz, 3H), 0.83 (d, J = 6.6 
Hz,3H). \ 

25 EXAMPLE7 



This product was prepared in an analo^us fashion to that of Example 2, except 
30 Ihtennediate 1 was replaced witii Inteimediate 4. The single isomers w^ obtained 
by using an HPLC equipped with a Preparative ChiralCel OD column eluting with 
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15% ethanol and 85% hexanes with a flow tate of 9 ml/mm. LC-MS for 
C25H36F3N3O3 calculated 483.23, found [M+H]* 484.2 for all four isomers. 

EXAMPLES 

5 




TTus product was prepared in an analogous fashion to Example 2, except Mtennediate 
1 was replaced with Intermediate 5. LC-MS for C24H31F4N3O2 calculated 457.23, 
10 found [M+m^ 458.2 for all four isomers. 



EXAMPLE9 




15 

This product was prepared in an analogous fashion to Example 2, except Inteimediate 
1 was replaced with Intermediate 6. The single isomers were obtained by using an 
HPLC equipped with a Preparative ChiralCel OD colunm eluting with 5% ethanol and 
95% hexanes with a flow rate of 9 mlVmin. LC-MS for C24H3iF6N302 calculated 
20 507.23. found [M+H]^ 508.2 for all four isomers. 

EXAMPLE 10 



O 




25 

A solution of Intermediate 10 (641 mg, 1.60 mmol), tetrahydn)-4i?-pyran-4-one (220 
mg, 2.24 mmol), diisopropylethylamine (279 fiL, 1.60 mmol) and crushed molecular 
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sieves (4 A, 320 mg) in didbloroinethane (20 mL) was treated with sodium 
triacetoxyboiohydride (1.70 g, 8.00 mmol) and sdncd at room temperature for no 
longer than 5 h. The reaction was quenched with saturated sodium bicarbonate 
solution (50 mL) and diluted with an additional 30 mL of dichloromethane. The 

5 organic layer was separated and the aqueous layer was washed with dichloromethane 
(2 X 30 mL). The otganics were combined, dried over anhydrous sodium sulfate, 
filtered and evaporated under reduced pressure. The residue was purified by 
preparative TLC (eluant 0.75% NH40H/7.5% methanoV91.75% CHaQz) to yield 626 
mg (86%) of the final product *H NMR (500 MHz, CDOs) 6 8.45, (s, 3H), 7.25 (s, 

10 IH), 4.88 (hr d, J = 17.4 Hz, lEQ, 4.77 (d. J = 17.6 Be, IH), 4.00-3.85 (m, 4H), 3.41 
(app t, J = 1 1.7 Hz, 2H), 3.22 (p, J = 6.8 Hz. IH), 3.13-3.07 (m, 2H), 2.82-2.74 (m, 
IH), 2.54-2.47 (m, IH), 2.14 (dd, J = 6.8, 12.8 Hz, IH), 2.07-2.00 (m, IH), 1.94-1:86 
(m, 2H), 1.84-1.77 (m, 3H). 1.65-1.57 (m, 2H), 1.46-1.26 (m, 3H), 0.93 (d, J = 6.8 
Hz, 3B0. 0.83 (d, J = 6.8 Hz, 3H), LG-MS for CyHszty^IaOs calculated 455.24. found 

15 (M+Hr456.2. 



EXAMPLE 11 



O 




20 This product was prepared in an analogous fashion to Example 10, except tetrahydro- 
4H-pytan-4K>ne was r^laced with hitermediate 1. The single isomers were obtained 
by using an HPLC equipped with a Preparative ChiralCel OD column elutibng widi 7% 
ethanol and 93% hexanes widi a flow rate of 9 ndL/min. LC-MS for C24H34F3N3O3 
calculated 469.24, found [M+H]* 470.2, for all four isomers. 

25 

EXAMPLE 12 
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This product was piepaied in an analogous fashion to Example 10, except tetrahydro- 
4H-pyran-4^ne was replaced with iitennediate 2. The single isomras were obtained 
by using an HPLC equipped with a Preparative ChiralCel OD column eluting with 5% 
ethanol and 95% hexanes with a flow rate of 9 mL/min. LC-MS for C2SH36F3N3O3 
5 calculated 483.24, found [M+H]* 484.2. for all four isomers. 



EXAMPLE 13 




10 This product was prepared in an analogous fashion to Example 10, except tetrahydio- 
4i7-pyran-4-one was replaced with Intermediate 3. The single isomers wei© obtained 
by using an HPLC equipped with a Preparative C!hiralCel OD column eluting with 
21% ethanol and 79% hexanes with a flow rate of 9 mTymin LC~MS for 
C24H34F3N3O4 calculated 485.25, found IM+H]^ 486.3, for all four isomers. 

15 

While the invoition has been described and illustrated with reference 
to certam particular embodimrats tfieieof , those skilled in the art will ^predate that 
various ad^tations, chan^, modifications, substitutions, deletions, or additions of 
procedures and protocols may be made without departing ficom the spirit and scope of 

20 the invention. For example, effective dosages other than the particular dosages as set 
forth herein above may be applicable as a consequence of variations in the 
responsiveness of the mammal being treated for any of the indications with the 
compounds of the invention mdicated above. Likewise, tfie specific pharmacological 
responses observed may vary according to and depending upon the particular active 

25 con^unds selected or whether there are present pharmaceutical carriers, as well as 
tfie typo of formulation and mo(fe of administration employed, and such expected 
variations or diffidences in the results are contenq>lated in accordance with the objects 
and practices of the present mvention. It is mtended, therefore, that the invention be 
defined by the scope of the claims which foBow and that such claims be mterpreted as 

30 broadly as is reasonable. 
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WHAT IS CLAIMED K: 

1 . A compound of the f onnula L 

R« H 




I 

5 wherrin: 

r3 is oxygen or is absent; 
is selected fiom: 

(a) hydrogen, 

(b) Ci-3a]kyl, which is unsubstituted or substituted with 1-6 

10 fluOTO, 

(c) -0-Ci-3aIkyl, 

(d) fluoro, and 

(e) hydroxy; 

and phannaceutically acceptable salts thereof and individual diasteaeomers tibiereof . 

15 

2. The conaqpoimd of Claim 1 wherein is absent 

3. The compound of Claim 1 wherdn r3 is oxygen. 

20 4. HiecompoundofQaiml wherein 

r8 is selected from: 

(a) hydrogen, 

(d) trifluoromethyl, 
(c) mediyl, 

25 (d) medioxy, 

(e) etfioxy, 

(f) ethyl, 

(g) fluoro, and 
Oi) hydroxy. 

30 
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A 



and phannaceatically acceptable salts and individual diastereomers thereof. 

^ 6. A phannaceatical composition which comprises an inert carder 

and a compound of Claim 1. 

7. A method for modulation of chemoldne receptor activity in a 
mammal vi^hich comprises the administration of an effective amount of the coiiq)oimd 

10 of Claim 1. 

8. A method for the manufacture of a medicament for modulating 
chemokme receptor activity in humans and animals comprising combining the 
compound of Claim 1 witti a pharmaceutical carrier or diluent 

15 

9. A method for treating, ameliorating, controlling or reducing the 
risk of an inflammatory and immunoregulatory discmler or disease which conqirises 
the administration to a patirat of an efiFective amount of the corspound of Claim 1 . 

20 10. AinetlK)dfortreating,ameUQrating, controlling or reducing the 

risk of rheumatoid arthritis which comprises the administration to a patient of an 
effective amount of the compound of Claim 1. 
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